of a slight negative deviation from Beer's law it is advisable to draw straight lines between each pair of standard values rather than a single line through the whole set. RESULTS points below 250 are the average of a number of determinations where the colour did appear and are included to give an idea of the order of the decreased colour yield. The scatter amongst replicates is less with the modified method; for example, carrying out both methods with the same solutions gave standard deviations, amongst replicates for the three standards and unknown, of 0 74 and 0 49 % by the original and modified methods respectively. The modified method has often yielded standard deviations amongst replicates of the order 0 1-0 2 %, an order of accuracy which was not achieved with the original method over a considerable period. The reproducibility of the colour yield from one series to another has been very high over a prolonged period. The colour yields are represented by the plateaus in Fig. 1, and A previous paper (Blakley, 1959) described studies on the reaction of formaldehyde with tetrahydropteroylglutamic acid and other hydropteridines, which were undertaken to elucidate the coenzyme function of tetrahydropteroylglutamate in the synthesis of serine from glycine and formaldehyde. It was found that formaldehyde reacted with all the hydropteridines studied, but the complexes formed differed greatly in the extent to which they were dissociated. Formaldehyde was very firmly bound by tetrahydropteroylglutamate, the dissociai tion constant for the complex being at least 100 times lower than those for the complexes formed by simple hydropteridines. Since N5-formyltetrahydropteroylglutamate (leucovorin) and N10-formyltetrahydropteroylglutamate also formed
of a slight negative deviation from Beer's law it is advisable to draw straight lines between each pair of standard values rather than a single line through the whole set. RESULTS points below 250 are the average of a number of determinations where the colour did appear and are included to give an idea of the order of the decreased colour yield. The scatter amongst replicates is less with the modified method; for example, carrying out both methods with the same solutions gave standard deviations, amongst replicates for the three standards and unknown, of 0 74 and 0 49 % by the original and modified methods respectively. The modified method has often yielded standard deviations amongst replicates of the order 0 1-0 2 %, an order of accuracy which was not achieved with the original method over a considerable period. The reproducibility of the colour yield from one series to another has been very high over a prolonged period. The colour yields are represented by the plateaus in Fig. 1 , and the reproducibility of the method is such that it serves as a guide to reagent quality. A decrease in colour yield by 4 % or more from the values shown indicates inferior or decomposing reagents; or, if acid is omitted from the hydroxyproline solutions, that microbiological decomposition of the amino acid is taking place.
(Received 23 March 1959) A previous paper (Blakley, 1959) described studies on the reaction of formaldehyde with tetrahydropteroylglutamic acid and other hydropteridines, which were undertaken to elucidate the coenzyme function of tetrahydropteroylglutamate in the synthesis of serine from glycine and formaldehyde.
It was found that formaldehyde reacted with all the hydropteridines studied, but the complexes formed differed greatly in the extent to which they were dissociated. Formaldehyde was very firmly bound by tetrahydropteroylglutamate, the dissociai tion constant for the complex being at least 100 times lower than those for the complexes formed by simple hydropteridines. Since N5-formyltetrahydropteroylglutamate (leucovorin) and N10-formyltetrahydropteroylglutamate also formed complexes with relatively high dissociation constants, it was concluded that tetrahydropteroylglutamate reacts reversibly with formaldehyde to form N5N'0-methylenetetrahydropteroylglutamate, whereas all other hydropteridines studied (except possibly tetrahydropteroic acid) formed hydroxymethyl derivatives. The point of attachment of the hydroxymethyl group in these derivatives was indicated by the fact that the N5-formyl derivative of a simple hydropteridine formed a complex with a dissociation constant considerably higher than that of the complex from the parent hydropteridine. It was concludedtherefore that simple hydropteridines form highly dissociated N6-hydroxymethyl derivatives.
In this previous investigation the values of the dissociation constants were obtained from determinations of the free formaldehyde in equilibrium with known concentrations of hydropteridines. A limitation was placed on the accuracy of the results for tetrahydropteroylglutamate and related compounds by the fact that large blanks were obtained in the colorimetric determination of formaldehyde when these hydropteridines were present. Since only very low concentrations of formaldehyde existed in equilibrium with tetrahydropteroylglutamate, the relative error was highest in this case. As this was the reaction of primary interest, another approach seemed necessary. Spectrophotometric studies were therefore undertaken to obtain further information about the combination of formaldehyde with tetrahydropteroylglutamate and for comparative purposes the reaction of formaldehyde with other hydropteridines was also studied. Clear evidence has been obtained for the reversibility of the reaction between tetrahydropteroylglutamate and formaldehyde and a more accurate estimate obtained for the dissociation constant of the product. In addition, more data have been obtained on the reaction of formaldehyde with other pteridines and hydropteridines which shed light on the compounds formed.
EXPERIMENTAL Materials All pteridine derivatives were prepared as previously described (Blakley, 1959) . The following additional compounds were prepared as indicated: 2-hydroxypyrimidine, Brown (1950) ; 2-methoxypyrimidine, Brown & Short (1953 Measurement of pH. A glass electrode, with 5 mMsodium borate to provide the reference pH, was used. Potassium phosphate buffer was prepared according to the data of Green (1933) . The concentrations of phosphate and N-ethylmorpholine buffers given refer to anion and cation concentrations respectively.
Calculation of dissociation constants. In calculating the dissociation constants of the complexes formed by formaldehyde with various bases, the assumption was made that each complex was formed by reaction of equimolecular proportions of base and formaldehyde thus:
Base + H -CHO (Base,H * CHO) Complex.
( 
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4-Hydroxy-6-methyltetrahydropteridine. The spectrum of 4-hydroxy-6-methyltetrahydropteridine at pH 7-2 is shown in Fig. 1 . Absorption maxima occurred at 220 and 288 m, and a minimum of 245 mjt. Although this compound was relatively stable in neutral solution the spectrum changed significantly over a period ofhours. The shape of the absorption curve did not change but the extinction slowly decreased, indicating the formation of nonabsorbing products.
On addition of formaldehyde to give a concentration of 25 mm the spectrum was shifted towards longer wavelengths with a slight reduction in the extinction maximum (Fig. 1) . Rate studies showed that this reaction was 50 % complete in about 2 5 min. so that its rate was about the same as that for the combination of tetrahydropteroylglutamic acid (tetrahydroPGA) and formaldehyde (cf. Blakley, 1959) . More detailed studies showed that at high concentrations of formaldehyde the 220 m, maximum is shifted to longer wavelengths with a simultaneous increase in the extinction maximum ( Fig. 1) . Moreover, the 288 m,t peak, which is shifted to 292 m,u by 25 mm-formaldehyde, shifts back to shorter wavelength at higher formaldehyde concentrations. In addition, the absence of an isosbestic point in this region of the spectrum ( Fig. 1) indicates the formation of more than one product. An approximate calculation of the dissociation constant of the final product from the extinctions obtained at 235 mp (see Methods section) indicated that the constant was about 0-2M. This is much higher than the value of 0-03M obtained for the N5-hydroxymethyl derivative by chemical analysis (Blakley, 1959) , so that the changes in spectrum at the higher concentrations of formaldehyde corresponded to the formation of another compound. The spectrum change corresponding to the secondary reaction made it impossible to obtain a value for the dissociation constant of the N5-hydroxymethyl derivative by the spectrophotometric method.
N5-Formyl-4-hydroxy-6-methyltetrahydropteridine
Since the spectrum changes obtained when 4-hydroxy-6-methyltetrahydropteridine was treated with high concentrations of formaldehyde appeared due to the combination of the latter at some site other than N5 of the hydropteridine, it seemed probable that N5-formyl-4-hydroxy-6-methyltetrahydropteridine would show spectrum changes in the presence of formaldehyde similar to the secondary change shown by the parent compound, and this was in fact found to be the case (Fig. 2) . When the spectra obtained at various formaldehyde concentrations were superimposed isosbestic points were obtained at 221, 253 and 292 m,u, indicating the formation of only one product. The close agreement between the dissociation constant (0.3m) calculated from the spectrum change for this compound, and that given above for the product formed by the parent 4-hydroxy-6-methyltetrahydropteridine at high formaldehyde concentrations, suggests that formaldehyde was reacting at the same site in the two molecules.
In the formyl derivative there are three possible sites for the reaction with formaldehyde; i.e. N5 in the hydrogenated ring and N1 and Ns in the pyrimidine ring. The spectrum of 4-hydroxy-6-methylpteridine was investigated in an attempt to resolve this problem and was found also to undergo a shift in the presence of formaldehyde ( displayed similar changes in spectra in the presence of formaldehyde at high concentrations, forming complexes with approximate dissociation constants of 0 3, 0-4 and 0-4m respectively. These results suggest that formaldehyde was reacting at a site in the pyrimidine ring in all the above-mentioned compounds.
Reaction offormalehyde with pyrimidine8. Since 4-hydroxypyrimidine exists mainly in the lactam (ketonic) form (scheme 1; I) at neutral pH (Brown, Hoerger & Mason, 1955) , it seemed possible that similar tautomerism in 4-hydroxy-6-methylpteridine might allow reaction of formaldehyde at NT3 to give an N3-hydroxymethyl derivative (scheme 1; II). To test this hypothesis the effect of formaldehyde on 2-hydroxypyrimidine and on 2-methoxypyrimidine was investigated. At high concentrations of formaldehyde the extinction maximum of 2-hydroxypyrimidine was shifted to longer wavelengths and slightly increased ( 2-methoxypyrimidine at pH 7-2 (A. 264 mp, emax 4700) was unchanged by 5M-formaldehyde.
The spectrum change for 2-hydroxypyrimidine corresponded to a product with dissociation constant of 0-4M. These results strongly suggest formation of N3-hydroxymethyl-2-oxopyrimidine from 2-hydroxypyrimidine by the action of formaldehyde in high concentrations. Spectra of tetrahydroquinoxaline and 2-chloro-4-methyl-N5-benzyltetrahydropteridine. In these two compounds there is no possibility of a reaction of formaldehyde with pyrimidine ring nitrogen. Tetrahydroquinoxaline has a benzene ring instead of a pyrirnidine ring and in 2-chloro-4-methyl-N8-benzyltetrahydropteridine no hydrogen is able to migrate to N3. With the former compound the addition of 25 mi-formaldehyde to the solution at pH 7-2 caused the spectrum to be displaced towards longer wavelength, together with a decrease in the maxrimum extinction. At high formaldehyde concentrations, however, the maximum extinction was greater than for the untreated compound as well as being displaced towards longer wavelengths (Fig. 5) . This suggests the formation of two derivatives, presumably Nr-hydroxymethyl and NN58-bis-(hydroxymethyl). The dissociation constant calculated from the extinction at 230 mu at various formaldehyde concentrations was about 0-08 m, which is about ten times higher than that previously o Wavelength (mrii) assigned to the N5-hydroxymethyl compound (Blakley, 1959) and probably refers to the dissociation of the N8-hydroxymethyl group. Formaldehyde decreased the extinction maximum of 2-chloro-4-methyl-Ns-benzyltetrahydropteridine as shown in Fig. 6 . From the extinction figures at 310 m,u a value of 0-5S was obtained for the dissociation constant, which is rather high compared with the value (0-29M) previously obtained (Blakley, 1959) .
Spectrophotometric determination of pK of 4-hydroxy-6-methyltetrahydropteridine. If the N5-amine grouping of 4-hydroxy-6-methyltetrahydropteridine has a basic pK near the pH at which measurements of formaldehyde-binding have been made (pH 7-2), the measured binding of formaldehyde would be unduly low because of the existence of some of the hydropteridine in the protonated form which may not combine with formaldehyde. To investigate this possibility a spectroscopic investigation of the pK of this hydropteridine was made. Titration had already shown that the pK of the 4-hydroxy group was 10-2 (Blakley, 1959). The spectrum did not change significantly between this pH and pH 5-0; but below pH 5-0 the absorption maximum shifted from 288 to 260 mu. By plotting Wavelength (m/j) the extinction at 260 m,u and at 290 m,u against pH (see Methods section), a value of 4-1 was obtained for the pK. Even if this pK were attributed to the N5-amine group (rather than to the N8-amine group to which it more probably belongs; see Discussion), protonation at pH 7 0 would be negligible.
Reaction of formaldehyde with tetrahydropteroylglutamic acid In order to study the effect of formaldehyde on tetrahydroPGA, the instability of the latter had to be overcome. The spectrum of a solution of tetrahydroPGA at neutral pH changed rapidly with a shift of the extinction maximum from 298 to about 274 m,u. This change, which indicated oxidative degradation of tetrahydroPGA, could be retarded by the addition of various stabilizing substances to the solution. Chelating agents such as ethylenediaminetetra-acetic acid (EDTA) and 8-hydroxyquinoline-5-sulphonic acid caused some stabilization, as seen in Fig. 7 , but reducing agents such as thiols were rather more effective. By far the most efficient stabilizing compound was 2:3-dimercaptopropan-1-ol (BAL) which, in mm concentration, prevented oxidative degradation of tetrahydroPGA at neutral pH for several hours. In the presence of 0 5 mM-BAL only slight oxidation occurred over a period of 25 min. (Fig. 7) .
The spectrum change shown by neutral solutions oftetrahydroPGA was also retarded by the presence of formaldehyde. Addition of formaldehyde to give a final concentration of 0 1 mm caused a significant decrease in the rate at which 0 03 mM-tetrahydro- PGA was degraded, and in the presence of mmformaldehyde degradation was almost completely arrested (Fig. 8) . This stabilizing effect of formaldehyde on tetrahydroPGA is interpreted as due to combination of formaldehyde with tetrahydroPGA to form a product which is not, or is very slowly, attacked by oxygen. Since oxidative degradation eventually proceeds to completion even when a large excess of formaldehyde is present, the formation of the oxygen-stable complex must be a reversible reaction. To obtain further data on tetrahydroPGAformaldehyde combination the reaction has been studied in the presence of mm-BAL. At pH 7-2 addition of formaldehyde to such a stabilized solution of tetrahydroPGA causes an increase in the maximum extinction and a slight shift to shorter wavelength (Fig. 9) . The extent of the spectrum shift varies with formaldehyde concentration, indicating a reversible reaction, but is complete in 10 mM-formaldehyde.
In the absence of formaldehyde A,, is 298 miz and emax. is 28 400, whereas in the presence of 10 mMformaldehyde 4.x. is 294 m, and E.x. is 32 000.
Isosbestic points may be seen to occur at 249 and 270 m,, an indication that only a single product is formed in significant amounts. In the presence of 10 mM-formaldehyde the same spectrum is obtained whether BAL is present or absent. 
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The rate of the spectrum change accompanying reaction of formaldehyde with tetrahydroPGA is shown in Fig. 10 . In the experiment in which both reactants were at a concentration of 0 4 mm the reaction was 40 % complete in the first minute. This reaction rate is similar to that observed by measuring formaldehyde disappearance from the reaction mixture (Blakley, 1959) .
At alkaline pH it was more difficult to observe the formaldehyde-tetrahydroPGA reaction spectrophotometrically, although previous evidence had indicated that the reaction proceeded even at pH 13*0 (Blakley, 1959) . TetrahydroPGA, in the presence of mim-BAL, showed a considerable spectrum change over a period of 30 min. due to degra- PGA in mM-BAL and 0-01N-sodium hydroxide resulted in only a very slight increase in the maximum extinction, together with a broadening of the absorption peak (Fig. 11) . Observations on the formaldehyde-tetrahydroPGA reaction at low pH were extremely difficult because sulphydryl reagents no longer prevented oxidative degradation of tetrahydroPGA under these conditions, and other reducing agents which were tried were unsatisfactory.
Further evidence for the rever8ibility of the tetrahydroPGA-formaldehyde reaction. Data have been presented above which indicate that the reaction of tetrahydroPGA and formaldehyde is reversible. As a further test of reversibility the reaction between tetrahydroPGA (0.05 mM) and formaldehyde (0.15 mM) in the presence of mM-BAL was allowed to come to equilibrium, as shown by the recording of the extinction at 300 mpt (Fig. 12) . A small volume of bisulphite solution was then added to both the reference and sample cells and the mixture rapidly stirred. The extinction at 300 m,u rapidly fell until a new equilibrium level had been reached. A final concentration of 0-33 mM-bisulphite lowered the extinction at 300 mp to a value approaching that for tetrahydroPGA. The absorption spectrum was similar to that of 0 05 mm-tetrahydroPGA. Addition of this amount of bisulphite to tetrahydroPGA in the presence of mM-BAL caused no change in spectrum. Curve is corrected for dilution effect of additions.
The value of the dissociation constant, defined by [TetrahydroPGA] [H*CHO]
[Complex] for the product of the reaction between tetrahydro-PGA and formaldehyde was obtained from series of determinations ofextinction at the wavelengths 295, 298 or 300 mp when 0-05 mM-tetrahydroPGA was allowed to equilibrate with formaldehyde at concentrations between 0-05 and 0-15 mm (see Methods section). In an early experiment, with a manual spectrophotometer, the value of the dissociation constant obtained was 4-79 + 0-30 x 10-5M from reaction in the presence of mM-BAL and potassium phosphate buffer, pH 7-2 (01 M), at 200. Seven more recent determinations made with the Beckman recording spectrophotometer have given a value of 3-12 + 0-19 x 10-5M. The same result is obtained in the presence of 0-15 mnim-BAL.
Stability of the product of the reaction offormaldehyde and tetrahydroPGA. At equilibrium 0-1 mmformaldehyde will convert 0-03 mM-tetrahydro-PGA almost entirely into the complex, which is believed to be N5N'0-methylenetetrahydropteroylglutamic acid. The rate of subsequent change of the spectrum will therefore indicate the stability of methylenetetrahydropteroylglutamic acid. It may be seen from Fig. 13 that in 0-1M-N-ethylmorpholine buffer, pH 7-2, or in 0-01 M-potassium phosphate buffer, pH 7-2, the decomposition of the tetrahydro-PGA occurred so rapidly that it was virtually comTime (min.) plete before combination with formaldehyde could occur. In the presence of 001 M-EDTA, or 0 1 mm-8-hydroxyquinoline-5-sulphonate, the rate of tetrahydroPGA decomposition was slowed sufficiently to allow formation of methylenetetrahydropteroylglutamic acid. The subsequent breakdown of this compound was considerably slower than that of tetrahydroPGA under the same conditions (cf. Fig. 7 ). Spectrum change was also retarded in the presence of higher concentrations of phosphate (0 1 m), probably due also to the binding of heavy metals. In 001N-sodium hydroxide the spectrum change was small (Fig. 13 ) and a similar result not shown in the figure was obtained in 0-1 M-N-ethylmorpholine, pH 9-2. As with free tetrahydroPGA, this is more probably due to the smaller spectrum changes that accompany oxidative degradation at high pH rather than to increased stability at high pH, as was at first thought (Blakley, 1958) . Reaction of fornddehyde with dihydropteroylglutamic acid and N'0-formyltetrahydropteroylglutamic acid. Dihydropteroylglutamic acid, prepared by the method of Futterman (1957), or by catalytic hydrogenation (Blakley, 1957) , showed a bathochromic shift and increase in the extinction maximum (Fig. 14) in the presence of formaldehyde with the formation of a product having a dissociation constant ofabout 0 01 M, which agrees well with that previously obtained by another method (Blakley, 1959) . If the product is the N5-hydroxymethyl derivative, the extinction increase associated with its formation constituted an exception to the general rule of decreased extinction accompanying N6-hydroxymethyl group formation.
N'0-Formyltetrahydropteroylglutamicacidshowed only a slight decrease in the extinction maximum (at 260 m,) at concentrations of formaldehyde from 0 01 to 0 12M (Fig. 15) (Blakley, 1959) data were reported which indicated that formaldehyde combined with 4-hydroxy-6-methyltetrahydropteridine to form a complex with dissociation constant of 003M. Since N5-formyl-4-hydroxy-6-methyltetrahydropteridine was found to bind very small amounts of formaldehyde, the dissociation constant of the product being about 04M, the compound formed by 4-hydroxy-6-methyltetrahydropteridine and formaldehyde was considered to be N5-hydroxymethyl-4-hydroxy-6-methyltetrahydropteridine.
It has now been shown that the spectra of solutions of hydropteridines at pH 7-2 are shifted in the presence of formaldehyde. The high dissociation constant of complex 2 indicated that it was not identical with the complex studied by the chemical method, i.e. N5-hydroxymethyl-4-hydroxy-6-methyltetrahydropteridine. Complex 1 is therefore presumed identical with the last-named compound. Confirmation that complex 2 is not the N5-hydroxymethyl derivative was found in the fact that N5-formyl-4-hydroxy-6-methyltetrahydropteridine also showed increased absorption and a bathochromic shift at high formaldehyde concentrations, and in this case a single product was formed having a dissociation constant of 0 3 M. Chemical analysis previously gave a value of approximately 0-4M. Evidence has been presented that this product is the N3-hydroxymethyl derivative, and the similarity of the spectrum changes suggests that complex 2 of 4-hydroxy-6-methyltetrahydropteridine is the N3N5-bishydroxymethyl derivative.
It appears from the data on 4-hydroxy-6-methyltetrahydropteridine that formation of the N5-hydroxymethyl derivative results in decreased absorption. This is also the case when low concentrations of formaldehyde react with N'0-formyltetrahydropteroylglutamic acid and with 2-chloro-4-methyl-N8-benzyltetrahydropteridine. In the last compound only N5 is available for reaction with formaldehyde, so that the spectrum change when the solution of this compound is treated with formaldehyde must be due to formation of the N5-hydroxymethyl derivative.
Tetrahydroquinoxaline, like 4-hydroxy-6-methyltetrahydropteridine, showed a two-stage spectrum change in the presence offormaldehyde. This is interpreted as due to formation firstly of N5-hydroxymethyltetrahydroquinoxaline and secondly, at high formaldehyde concentration, of N5N8-bis(hydroxymethyl)tetrahydroquinoxaline. The spectrophotometric data gave a value of 0-08M for the dissociation constant of the last-named compound. Chemical analysis gave a value of O-O1M, which presumably applies to the N5-hydroxymethyltetrahydroquinoxaline.
Although the spectrophotometric results thus suggest formation of the bishydroxymethyl derivative of tetrahydroquinoxaline, no definite evidence has been obtained that formaldehyde reacts with N8 of hydropteridines. In hydropteridines the N8-amine group is probably affected by amidine-like resonance which confers much higher basic strength to the N8-amine group than is possessed by the N5-amine group, and which might cause a difference in the ability of these groups to react with formaldehyde. The evidence for the difference in basic strength of the N5-and N8-amine groups of hydropteridines is as follows. Data obtained for 4-hydroxy-6-methyltetrahydropteridine (scheme 2; III) indicated an acidic pK of 10-2 and one basic pK of 4-1; the other basic pK is lower than 4* 1. The structurally related 4:5-diamino-6-hydroxypyrimidine (scheme 2; IV) has an acidic pK of 9-86 and basic pK values of 1-34 and 3-57. To decide which of the basic pK values should be assigned to the 5-amino group, reference is made to the fact that this compound acetylates readily on the 5-amino group but not on the 4-amino group, and its basic pK values may be compared with those for 4-aminopyrimidine (5.7) and for 5-aminopyrimidine (2.6). This suggests that in 4:5-diamino-6-hydroxypyrimidine 3-57 is the pK of the 4-amino group and 1-34 that of the 5-amino group, as shown in scheme 2. By analogy, in 4-hydroxy-6-methyltetrahydropteridine, 4-1 is probably the pK of the (1.4?) These results were obtained with mM-BAL used to stabilize the tetrahydroPGA. Since sulphydryl compounds are known to react with formaldehyde, the possibility that the BAL had some influence on the reaction of tetrahydroPGA and formaldehyde must be considered. The presence of BAL did not appear to alter the product formed by reaction of tetrahydroPGA with formaldehyde, since the spectrum obtained in the presence of 10 mMformaldehyde was the same whether BAL was present or absent. The possibility remains that the value obtained for the dissociation constant of the product is in error, due to reaction of some of the formaldehyde with BAL. When BAL was present at a concentration of 5 mm or higher, high values were certainly obtained for the dissociation constant. Since the value obtained in the presence of 0-5 mM-BAL was the same as in the presence of mm-BAL, interference by BAL at these levels is at any rate slight, if not absent. Assuming that the value of the dissociation constant is not greatly in error, the very low value (3.1 x 10-5M) indicates clearly that it is a compound of a type different from the hydroxymethyl derivatives formed by simple hydropteridines; it is presumably N5N10-methylenetetrahydropteroylglutamic acid. The difference between the value obtained for tetrahydroPGA and those obtained with other bases is readily seen from the summary of data in Table 1 .
Since a small amount oftetrahydroPGA is always in equilibrium with methylenetetrahydropteroylglutamic acid, the stability of the latter would be expected to be not much greater than that of tetrahydroPGA, and this was found to be the case. Cation-chelating agents, such as EDTA and 8-hydroxyquinoline-5-sulphonic acid, diminished the rate of breakdown and even phosphate at high concentrations (0 1 M) had a similar effect. As with tetrahydroPGA, breakdown occurred at all values of pH, the only difference at high pH being that the spectrum change accompanying breakdown was smaller. SUMMARY 1. In the presence of increasing concentrations of formaldehyde, the spectrum of4-hydroxy-6-methyltetrahydropteridine showed a progressive bathochromic shift. At low formaldehyde concentrations (25 mM) the absorption was dfiminished (believed to correspond to the formation of the N5-hydroxymethyl derivative), and at higher concentrations of formaldehyde showed an increase. Bioch. 1960, 74 Vol. 74 $8 a
